A rapid method for detecting deoxynivalenol (DON), also known as vomitoxin, was developed. DON was extracted from grains and other samples with acetonitrile-4% potassium chloride solution (9 + 1).
Impurities that would interfere with detection were removed on a CIS silica gel reverse phase column. Water was removed from eluates on a hydrophilic matrix column. DON was detected by thin layer chromatography using an aluminum chloride solution to develop the blue response characteristic of the mycotoxin. Total time involved is approximately 30 min. The method was applicable to corn, wheat, and barley at detection levels of 1 ppm, and oats at 1.5 ppm. It is applicable to environmental samples (soil, green plants, and water) at detection levels of 0.75 ppm.
Deoxynivalenol (DON), also known as vomitoxin, is a trichothecene mycotoxin associated with feed refusal and emesis in swine. The need for a rapid screening method became obvious when DON was reported in corn grown in the United States, Austria, and Canada in 1979; in wheat harvested in 1980 from southeastern Ontario, Canada: and in wheat grown in 1982 in eastern Kansas and Nebraska (1). A number of methods have been proposed for the detection of DON and other trichothecenes by color reagents. Three of these reagents, nicotinamide and 2-acetylpyridine (2), 4-(p-nitrobenzy1)pyridine (3), and chromotropic acid (4) are specific to trichothecenes, but reported analyses have been applied to standards, not to mycotoxins extracted from cereal grains and feeds. The 3 color reagents require a number of complicated steps to develop the color on thin layer chromatographic (TLC) plates or are suitable for use only by well trained analysts. Several other color methods have been used to detect trichothecenes in cereal grains and feeds (5) (6) (7) . In one, p-anisaldehyde was used (7) to develop a yellow response with DON on TLC plates, but the color is not always easy to differentiate from yellow formed by other substances in the extract. These methods (5-7) also require setting up a vacuum system to hasten the development of columns.
We now report a screening method applicable to corn, wheat. barley, and oats as well as soil, green plants, and water, which uses relatively nontoxic, inexpensive chemicals and disposable equipment. It is suitable for laboratories with a minimum of equipment and does not require excessive training of personnel.
This research includes 7 types of samples spiked with standard DON solution, 2 types naturally contaminated and 1 type naturally contaminated at a low level (0.73 ppm) and then spiked with DON to reach a level of 1 ppm. A limit of detection of 2:: 1 ppm was achieved for all types, using thin layer chromatography for detection. (1) Syringes.-Becton-Dickinson, 10 mL, disposable, and Aldrich, polypropylene, 20 mL, disposable.
METHOD
(g) Pipet tips.-Disposable, cut to fit end of20 mL syringe and extend 5 mm through No.1 rubber stopper.
(h) TLC developing tank.-Glass, slide staining jar.
Samples
All samples were analyzed for DON by a modified Scott method (8) using gas chromatography with electron capture detection. Seven types of DON-free material were used in the spiking experiments: wheat, barley, oats. corn. soil, lake water, and wild green plants. All except wheat were spiked at 3 levels: 0.75, 1.0, and 1.5 ppm. Using this method, DON cannot be detected in most wheat at a level below 1.0 ppm. Two types of material were naturally contaminated: wheat and corn. Access was limited to samples of these materials contaminated with low levels of DON. There were only 2 corn samples available, one at 0.73 ppm and the other at 1.4 ppm.
The corn sample that was naturally contaminated at 0.73 ppm was spiked with DON to equal 1.0 ppm. This was analyzed 10 times to demonstrate repeatability.
The wild green plant samples were extracted in a jar due to the excessive bulk of this material.
Extraction
Add 50 g material to be analyzed to extraction bottle. or jar. Add 50 mL acetonitrile-4% KCl solution (9 + 1). Seal with screw-on cap and hand-shake 5 min. Remove cap and replace with spout containing small amount glass wool in tip and 20 mm glass fiber filter. Invert bottle and squeeze gently, collecting 2 + mL filtrate. If using jar, pour through filter paper and collect 2 + mL filtrate. Save for column cleanup. For water analysis, take 2 mL water sample and go to column cleanup step. All soil samples should be poured through filter paper, collecting 2+ mL filtrate for column cleanup.
Develop plate to within 5 mm of top with ethyl acetate in small tank. Do not let solvent depth reach area of sample origin. Remove and air-dry. When the solvent odor is no longer detected, redevelop plate the same distance in chloroform-acetone-isopropyl alcohol (8 + 1 + 1). Remove, airdry, then dip plate quickly in aluminum chloride solution about equal distance. Wipe back of plate dry and put on preheated (250°F) hot plate for 5-7 min. Remove, let air-cool, and observe under longwave UV light (365 nm) for evidence of DON blue response in sample as compared with the DON standard.
Results and Discussion
The 10 analyses of a single corn sample resulted in DON being easily detected in each extract. It was decided not to spike wheat at a level lower than I ppm due to the results from the naturally contaminated wheat samples (Table 1) . DON could only be detected in one wheat sample contaminated at a level below 1ppm, which was 0.8 ppm. Apparently, this particular sample had less interfering background material than the others.
In reference to the spiking experiments, barley and oats also have interfering background material (Table 2 ), but not enough to complicate analysis at levels of I ppm or higher. Detection of I ppm DON in all samples was possible.
Acetonitrile-water, Freon 113, and acetonitrile-citric acid solution were some of the experimental extraction solvents. Extraction of DON with acetonitrile-4% KCI solution (9 + 1) resulted in extracts that could be cleaned up for TLC. Development with ethyl acetate, drying plates, and redevelopment with chloroform-acetone-isopropyl alcohol (8 + I + 1) separated DON from interfering substances, making detection possible. Pretreatment of the TLC plates used with the aluminum chloride solution caused a streaking problem Table 2 . DON detection in spiked products a+ = DON presence; TR = trace amount of DON; (-) = not detected. 
Column Preparation and Cleanup
A C I8 silica gel column and a hydrophilic matrix (H. M.) column are needed. Prepare C I8 column by placing very small glass wool plug in bottom of 10 mL disposable syringe. Add C I8 silica gel to 4 mL gradation mark (2 g), tapping lightly to settle while adding, then top with another glass wool plug. Prepare H. M. column in same manner except add material up to 10 mL gradation mark. Add 2 mL water to 2 mL filtrate. Swirl to mix. Transfer mixture to C I8 silica gel column. Fit CIS column on bottom of 20 mL syringe fitted with pipet tip through rubber stopper (see Figure 1) . Carefully depress plunger in 20 mL syringe to force slow elution or filtrate mixture to top of C I8 silica gel layer. Collect total eluante. Rinse filtrate mixture container with 2 mL water and add rinse to C I8 silica gel column. Again, use pressure to elute. Flush completely. Combine with original eluate.
Transfer 3 mL combined eluates to 20 mL syringe, minus plunger, fitted with H. M. column on bottom. Let stand 5 min. Add 3 consecutive 4 mL ethyl acetate rinses to 20 mL syringe. Collect and combine rinses in small vial. Evaporate to dryness under air dryer, or nitrogen. Do not use heat.
Thin Layer Chromatography
Add 100 ILL chloroform-acetonitrile (4 + 1) to sample residue in vial and mix well. Score TLC plate with 2 vertical lines 8 mm apart, resulting in 3 channels. Apply 10 ILL sample 5 mm from bottom of plate to each of 2 channels with micropipet. Superimpose 10 ILL DON standard on one channel to serve as an internal standard. Also apply 10 ILL DON standard in the remaining blank channel. on the small plates, which made DON detection impossible. The double development of the TLC plates removes much of the interfering materials from the area of the DON. The use of a syringe as a pressure device, another as a cleanup column, and a third as a dehydrator as well as the other disposable items gives this method additional mobility in the field.
Work is continuing on modification of this method for quantitative analysis incorporating high pressure liquid chromatography and high performance TLC as detection methods.
